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AF    affinity fraction???????
α –MG   methyl-α-D-glucoside?
 
BA    blockace????????? 
BCA    bicinchoninic acid????????? 
BCIP    5-bromo-4-chloro-3-indolyl phosphate  
BFU-e    burst forming unit- erythroid????????????? 
BPA    burst promoting activity???????????? 
 
CBB    Coomassie brilliant blue???????????????? 
CD   cluster of differentiation  
cDNA    complementary DNA??? DNA? 
CFU-e    colony forming unit-erythroid????????????? 
Con A    concanavalin A???????? A? 
CSF    colony Stimulating Factor?????????? 
CMV    cytomegarovirus???????????? 
CV    central vein?????? 
 
DAB    diaminobenzidine?3,3’-?????????? 
DAPI    4′-6-diamidino-2-phenylindole 
???????????????? 
dATP    deoxyadenosine triphosphate??????????????? 
DMEM   Dulbecco's modified Eagle's medium 
??????????????? 
dNTP    deoxynucleotide triphosphate 
???????????????? 
DNA    deoxyribonucleic acid?????????? 
DPBS    Dulbecco's phosphate-buffered saline solution 
????????????????? 
 
E.coli    Escherichia coli????? 





EGFP    enhanced green fluorescent protein 
???????????? 
EGTA ethylene glycol bis ? β-aminoethyl ether ?
-N,N,N′,N′-tetraacetic acid???????????? 2????
?????????? 
ENU    ethylnitrosourea???????????? 
EPO    erythropoietin?????????? 
EPOR    erythropoietin receptor?EPO???? 
 
FCS    fetal Calf Serum???????? 
FSC    forward scatter??????? 
FT    flow through??????? 
 
GAPDH   glyceraldehyde-3-phosphate-dehydrogenase 
?????????? 3 ????????? 
G-CSF    granulocyte-colony stimulating factor 
????????????? 
G-CSFR  G-CSF receptor?G-CSF???? 
GlucNAc   N-Acetyl-Glucosamine?N-??????????? 
GH    growth hormone???????? 
GHR   growth hormone receptor??????????? 




HCG    human chorionic gonadotrophin 
??????????????? 
HE   hematoxylin eosin????????????? 
HIE   hypoxic-ischemic encephalopathy??????????? 
HIF-1α    hypoxia inducible factor-1 α????????α?? 
HRE    hypoxia response element????????? 
 
IgG    Immunogloblin G???????? G? 






JAK2    Janus Kinase 2????????? 
 
MACS    magnetic cell sorting????????? 
M-CSF   macrophage-colony stimulating factor 
????????????????? 
MEP    megakaryocyte erythrocyte precursor 
????/????????? 
MGG    May-Grünwald–Giemsa???–???????–???? 
miRNA   micro RNA???? RNA, ???? RNA? 
MPO    myeloperoxidase????????????? 
mRNA    messenger RNA??? RNA? 
muEPOR   murine EPOR???? EPOR? 
 
NBT    nitroblue tetra-zolium 
NESP    novel erythropoiesis stimulating protein 
 
ODC    ornithine decarboxylase????????????? 
 
PCR    polymerase chain reaction???????? 
PEG    polyethyleneglycol????????????? 
PHZ   phenylhydrazine??????????? 
PoAb    polyclonal antibody????????????
PR    prolactin???????? 
PRLR    prolactin receptor??????????? 
PWM    pokeweed mitogen??????????????? 
 
QOL    quality of life?????? 
 
RACE    rapid amplification of cDNA ends?RACE?? 
RNA   ribonucleic acid?????? 
RPL13A   ribosomal protein L13A 







SCF    stem cell factor??????? 
S.D.    standard deviation?????? 
SSC    side scatter??????? 
STAT5   signal transducer and activator of transcription 5 
????????????? 
 
TB   toluidine blue?????????? 
TBS    Tris buffered saline?????????? 
TPO    thrombopoietin?????????? 
 
X. laevis   Xenopus laevis:????????????
xlEPO    Xenopus laevis EPO?????????? EPO? 
xlEPOR   Xenopus laevis EPOR ?????????? EPO???? 
 
UTR    untranslated region??????? 
UV    ultraviolet????? 
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? 1-2. ???????????????????????????? 
? 1-1. ????????????? 
? 1-3. ?????? 
? 1-4. ???? in vitro ?????? 
? 1-5. ???????????? 
? 1-6. ?????? EPO???? 
? 1-7. EPO? EPOR?????????? 
? 1-8. EPO????????????????????? 
? 1-2. ????????? 
 
????
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? 2-1. ?????????????? 
? 2-2. ????????????? 
? 2-3. ???????????????????? 
? 2-4.  PHZ???????????? 
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? 2-6.  PHZ????????????????????? 
? 2-7.  ??????????????? 
? 2-8.  ??????????????? 
? 2-2.  ?????????? 
? 2-9.  ???????????????? 
? 2-10.  ?????????? xlEPOR???? 
? 2-11.  ??????????? xlEPOR??????? 
? 2-12. ??????? xlEPO?????????? 
 
????
? 3-1. ??????????????? 
? 3-2. ????????? EPO ????????? 
? 3-3. ????????? EPO cDNA???????????? 
? 3-4. ????? EPO????????? 
? 3-5. EPO????????????? 
? 3-6. EPO???????????? 
? 3-7. ???? EPO?????????? 






? 4-1 . xlEPO?????? 
? 4-2. EPOR?????????? 
? 4-3. EPO???? EPOR???? 
 
????
? 5-1 ????? EPO???????????? 
? 5-2. ???????????????? 
? 5-1. ?????????????????? xlEPO mRNA??? 
? 5-2. ???????? 
? 5-3. ???????????? 
? 5-4. PHZ????????? xlEPO mRNA????? 
? 5-5. ??????? xlEPO mRNA?????? 
 
????
? 6-1. ????????? in vitro??????? 
? 6-2. ???????????? 
? 6-3. ?????????? 
? 6-4. ?????????????????????? 
? 6-5. xlEPO ???????????????????? 
? 6-6. ?????????????? 
 
????
? 7-1. ?????????????? xlEPO??? 
? 7-2. ??????????????????????????? 
? 7-3. ??????????????????????????? 
 
????
? 8-1. ???????????????????? 
? 8-2. ???? RNA???????????? xlEPO???????? 
? 8-3. ???????????????????? 
? 8-4. ???????????????????????????? 
? 1?  
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?????????????? 1- 2; Taichman, 2005?? 
? ? ???????????????????????????????????
?????????????????????????????????????
????? CD?cluster of differentiation??????????????????????
???????????????????? 




? 1-1? ??????????????????????  
??????????????????????????????????????????
???????????????????????????????????????????
???????Reya et al., 2001 ?????? 
 









? ? In vitro ????????????????????????????????
?????????1980???????????????????????????




???????????????EPO?????Miyake et al., 1977; Lin et al., 1985; 
Jacobs et al., 1985???????????????????1960????????
??? in vitro????????????????????????????colony 
stimulating factor: CSF?????????????1980????????????
????????????????????????????????????
?granulocyte macrophage-colony stimulating factor: GM-CSF???????????
???granulocyte-colony stimulating factor: G-CSF????????????????
??macrophage-colony stimulating factor: M-CSF???????????????
?Gough et al., 1984; Nagata et al., 1986; Wong et al., 1987????????????
?????????????????????????????????????
?????????1994 ??????????????????????????
?thrombopoietin: TPO??????????????????Lok et al., 1994; Bartley 
et al., 1994; Kuter et al., 1994; Kato et al., 1995????????????????








? 1?  
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???????????????????? 19 ??????????????????
??????????????????????? 1906 ?? Carnot ?????
hemopoietin ????????Carnot, 1906????????????????????
1936 ????????????????????????????????????
???????erythropoietin: EPO??????????????? 1948 ??







????????????????????Erslev, 1953??1957 ??? Jacobson ?
?????????????????EPO ????????????????
?Jacobson et al., 1957??EPO?????1977??Miyake???????????
??? 2.5 ???????????Miyake et al., 1977??1985??? Jacobs??Lin?
?????? EPO?????????????????Jacobs et al., 1985; Lin et al., 





































? 1-3? ??????  
???????????????????EPOR????????????????EPO?










????????? EPO????erythropoietin receptor: EPOR?????????
???? in vitro ??????????? EPO ?????????????????
?????????????????????colony forming unit-erythroid: CFU-e?
???????????????????????????burst forming unit- 
 






? 1?  
 19 
erythroid: BFU-e???????? 1-4????? in vitro ??????????????





??????????????? 13?????????????Wu et al., 1995?? 
 
????? ??????????????
? ? ??????????????????????????CFU-e ???????
?????????????????????????????????Koury et al., 
1990; ? 1-5?? 
 
 
? 1-5? ????????????  
??? EPO ?????????????????????????????????????
??? EPO ????????????????????????????????????
??????????????????????Koury et al., 1990 ?????? 
 




????EPO ???????????????? EPO ????????????




EPO ???????????? 3’?????????????????hypoxia 
response element: HRE???????????????????Bunn et al., 1996???
?????????????????????????????????????
?? 1-6???????????????????????????????????
??? EPO ?????????EPO ????????????????????
???????????????????????????GFP-EPO ??????
??????????????????????????? EPO ????????
??????????Obara et al., 2008??EPO?????????????????
??????????????????????????????????????
???? GATA?????????????? EPO?????????????
?????????? GATA ?????????????? GATA ??????
???? EPO????????????????????????? EPO????
???????????????  
? ? ?? in vivo?????????????????????? EPO??????
???? HIF-2 α?????????????????????Cre-loxP ??????
???? HIF-2 α???????????? EPO ????????????????
? 1?  
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???????????????? HIF-2 α????? EPO ??????????
?Kapitsinou et al., 2010?? 
 
 
? 1-6? ?????? EPO????  
??????????? HIF-1α??HIF-1β ??????????????? EPO???? 3’
????????????????????EPO?????????? 
Bunn et al., 1996? ??????  
 
????? ???????????????????
? ? ???????????????? EPO ?????????????????
????????????????????????????? EPOR ??????
EPOR?????????growth hormone: GH???????? GH????growth 
? 1?  
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?????????????????????Bazan et al., 1990????? EPOR?
???? Box1?????????????????Janus kinase 2: JAK2?????
????????????EPOR ???????????????????????
?Remy et al., 1999; Livnah et al., 1999???????????????????
?signal transducer and activator of transcription 5: STAT5????????????
??????????????????????????????????????
???????????Syed et al., 1998??? 1-7??  
 















? 1-8? EPO?????????????????????  
?? EPO ? N ???????????? in vivo ????????N ???????????





N?????????????? 5?? N?????? EPO??”NESP”???? 
Egrie et al. 2001 ?????? 
? 1?  
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????????????????? EPO ??????? N ????????? O





?????????????????????? EPO ???novel erythropoiesis 












???? 1-?????? 1981?? 
? ? ???????????????????1980 ??????????????
??????????????????????????????????????
????????2000??????????????????????????? 
? 1?  
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????? Chou ?????????????????Fugu rubripes?? EPO???
??????????????Chou et al., 2004???????????????? Zon
???????????????????Danio rerio???????????????



































































???????????????????? in situ ?????????????????
??????????????? RNA?messenger RNA: mRNA?????????
?????? 
? ? ????????????????????????????Xenopus laevis???
??????????????????????????????????????




































































? ? ?????????????????myeloperoxidase: MPO??????????
???6ml??????4ml??25%??????????1.2ml?????????????
?????????1??????????????3,3’-?????????
?diaminobenzidine: DAB?2.5mg???????????Tris buffered saline: TBS?
pH7.6?10ml??3%??????(32.5ml)????DAB????10??30?????
??????????????????????????? 


















? ? ????????????????phenylhydrazine: PHZ; Sigma???7/9×????
????????????Dulbecco's phosphate-buffered saline solution: DPBS???







? ? ?????????????? BD FACSAria ????????????????
????????????????????????????????? PHZ ??? 8
?????????? FACS?????7/9×DPBS, 2mM EDTA-Na, 2% FCS??
2×106cells/ml ????????????????????????forward scatter: 



















?magnetic cell sorting: MACS???????????????????? xlEPOR
?????????????????????? 
? ? ?????????????????????????????????????
?????????????????????????7/9×DPBS, 0.4% BA, 2mM 
EDTA?????????????? 40µm??????????????????; 
Falcon??????????????? 300×g??????????????????
????????????? 3×107cells/ml???????????? 50ml ????
? xlEPOR??????????anti-xlEPOR Polyclonal antibody: PoAB???????















? ? ??????????????????????????? 2-2A ????????
??????????????????????????????????????
??????????????????????????????????? 15 ??
???????????????????? 2-1 ????????Hadji-Azimi ??
?????????????????????????????????????








































? 2-3? ????????????????????  
??????????????????????????????????????????? 
A: MGG?????????????B: ??? GpIIbIIIa??????????????C: MGG
?????????D: ?????????????????E: MGG????????F: MPO??











? ? ??????????????????????????????10mg/kg ??
100mg/kg? PHZ??????????????????????????????
????? 25mg/kg ?????????????????????????????
???????? PHZ ? 25mg/kg???????????? DPBS ????? 100µl
???????????????? 2-4 ????????PHZ ??????????
????????????8 ?? 10 ????????????? 30 ??????
?????????????????????????????????????


























???ribonucleic acid: RNA?????? Y?????????? 2-6?? 
 





RNA ???????? Y?????????? RNA ??????????????????
??D??????? 200? 
 
? ? ???????????????? FSC ? SSC ??????????????????





















































???????????????????????RBC: ????E. blast: ????blast: ??
?????Neu: ????Eo: ????Baso: ???? 














? 2-9? ????????????????  
????????????????????????????? o-???????????????
??????????????????????????????????????????
????????????????????CV: ?????Central vein?, ???????
100µm ????Nogawa-Kosaka et al., 2011 ???? 
 
 
? 2-10? ?????????? xlEPOR????  
???????????????xlEPOR ?????????????????????????
xlEPOR ????????????????CV: ?????Central vein?, ???????
100µm ???????Alexa488?: xlEPOR-??, ???DAPI?: ?? 











































? ? ?? ?????????????????????????????
 
????? ???

















?????????????? PCR? reverse transcriptase- polymerase chain 
reaction: RT-PCR???????????????????????????????
???????????????????? DNA?complementary DNA: cDNA???
???  
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???????????? EPO cDNA ??????????????????????
??????????????????EPO ?????????????????
??????????????????????????????????????
2004 ?? Chou ????????? EPO ?????????????????Fugu 






rerio?? EPO????????????????????????????Chu et al., 
2007; Paffett-Lugassy et al., 2007?? 
? ? ??????????????EPO?????????????????????
????? EPO?Xenopus laevis EPO: xlEPO???????????????????
????????????????????????????????Xenopus 
tropicalis???????????? in silico??????????????????










??????? in silico ???????
? ? ??????????Xenopus laevis??????????????????????
????????????????Xenopus tropicalis????????????UCSC 








??????  xlEPO cDNA? RACE???????????
? ? in silico????????????????????EPO????????????
??????? PCR?????????????????????? cDNA?? EPO
???????????????????????? EPO ????????????
? 3-????? 
? ? ????????????????????????? TRIzol ???Invitrogen??
???? RNA ????????? RNA ???????dT?16 ??????Applied 
Biosystems??????RevertAid M-MuLV??????Fermentas?? cDNA???
???????Taq DNA??????????94°C 30?, 54°C 30?, 72°C 30?? 35
???????????????????polymerase chain reacrion: PCR?????








??????PCR ???????????????deoxyribonucleic acid: DNA??
Quantum prep freeze'N squeeze gel extraction spin column?Bio-Rad????????




?????????INV ? SOC ?????? 37?????????????????






? ? ??????????????EPO ????????????????????
????????????????????????????????? RT-PCR ?
?????????????????????? RNA?????RACE??????
? cDNA????????????? 3-2?? 
 
?3’-RACE? 
? ? ???????TRIzol ??????? RNA ????????????? DNA ?
???????? DNaseI???????RNA???????2µg? RNA ? Rever 
Tra Ace ??????????????? cDNA ??????????????
dT-3site ?????????????? RNA?RevertAid M-MuLV ??????
RNase ???????TOYOBO???????????????? xtEPO Fw 1???
???? 3-??? 3-site???????????????Taq??????????????
????94°C 30?, 60°C 30?, 72°C 30?? 35???????????? PCR??
?????? 




















???xlEPO Re 4?????????PCR???????cDNA??????xlEPO 















region: UTR????xlEPO cDNA???????????????? 
? ? ?????? cDNA???????????????????????????
??? 5’-UTR? 3’-UTR???????xlEPO Fw8-nhe-kozak??????????
??? NheI??????? Kozak??????xlEPO Re5??????????
?????????? 3-?????????????? J ?????????????
??? pfu???????Fermentas International????? PCR?????? 540??
???????????????dA ????????????????? xlEPO 
cDNA ?????????????????????????????????????
??5’-UTR?3’-UTR??? xlEPO cDNA?????DNA???????DNA Data 
Bank of Japan, DDBJ; http://www.ddbj.nig.ac.jp??? NCBI ??????Gen Bank  










???????  xlEPO cDNA???????????
? ? ????????? xlEPO ? cDNA ??????????????? xlEPO ?
??????????????????? X ?????????????????????
?????????EPO????????????????????????????






? ? ??????????Xenopus tropicalis????????????Assembly: OCT 
2004;JGI 3.0/xenTro1?? in silico ????????????????? EPO?????




?????? EPO????????Xenopus tropicalis EPO?xtEPO????????
??????? 3-1?????????????????????????????????
xlEPO ???????????????????????????????????











????5’- UTR??????3’- UTR??? A???? 1,149???? xlEPO??
????????? 3-3?? 
 
? 3-3? ????????? EPO cDNA????????????  
5’- UTR??????3’- UTR??? A???? 1,149???? xlEPO cDNA????????
????????????????????????????? 





? ? ???????????????????????? EPO????????????
??? PERQ1??????????????????????EPO???????






? 3-4? ????? EPO?????????  




? ? ????? xlEPO????????Kyte and Doolittle?1982??????????






? 3-5? EPO?????????????  




Nogawa-Kosaka et al., 2010.????? 
 
??? ?Center for Biological Sequence Analysis at the Technical University of 
Denmark; http://www.cbs.dtu.dk/services/SignalP/????????????????
????????? 22????????? 23??????????????????













? 3-6? EPO????????????  
???????????????????? EPO ???????????????????????
??????????????????????????????? EPO ??????????
?????????????▲ N???? O????□ ????????□ α-????? 












? 3-7? ???? EPO ??????????? Identity score?  
 
? ? ??????????????????????? EPO ??????????????
??????α ???????????????????????????????






? ? ?? EPO???? N???????O???????????????? N??
?? EPO? in vivo??????????????????????????????
??????????????? xlEPO ??????????? Asn-X-Ser/Thr ?X




? 3-8? ???? EPO????  
????????????????????????????? EPO ??????????????
????????????????????????????????????? EPO ????
?????????????N ???????????????????????? EPO ?
xlEPO????????????????????????????N????????????











? ? ???EPO??????????70%??; Wen et al., 1993??????2004?
??????EPO???????????????????????????????
???????????????????????????????????????





???????? Cys????? EPO ??????????????????????
???? EPO????? EPO ????????????????????? 
 













? ? ?? ?????????? EPO????EPO-EPO????
 
????? ???











??????1960 ??? Blood ????????????????????????
?????????????????????????????????????
?Wendell et al., 1963; Wendell et al., 1966; Esmail et al., 1969??1994???????
??????? EPO?????????????????? EPOR ????????
?????????????????? EPO ?????????????????
??????????????????????Steinlein et al., 1994????????
????????????? EPO ?????????????????????



































































? ? ????????? EPOR?xlEPOR????? EPOR?murine EPOR: muEPOR???
?????? FDCP-2 ??????????????????????1ng/mL ?
IL-3 ??? 10% FCS-??????????????Iscove's modified Dulbecco's 
medium: IMDM, Invitrogen??????? 
 
???????UT-7/EPO??????
? ? UT-7/EPO ??????????????????????????????
????????????????? UT-7 ? rhEPO ?????????????




? ? MTS ??????? xlEPOR-FDCP-2 ???muEPOR-FDCP-2 ???UT-7/EPO
??????????????FDCP-2 ??? IL-3 ?????????????
?????IL-3 ??????? xlEPOR-FDCP-2 ???muEPOR-FDCP-2 ????
FDCP-2?????????????DPBS???????8??? IL-3?????
????????96 ??????Corning?? 1×104cells/well ???????????
??? xlEPO??? Cos-1?????rhEPO?IL-3???????? 50µL?????
??? 37???????UT-7/EPO????????rhEPO???????????
???DPBS???????18???????????????Komatsu et al., 1993??


















??????? ??? xlEPO??? xlEPOR-FDCP-2??????











? 4-2? EPOR??????????  
FDCP-2 ??????????mIL-3 ????????A??xlEPOR ?? FDCP-2 ?????
mIL-3??? xlEPO ? hEPO??????B??muEPOR?? FDCP-2?????mIL-3??
? hEPO ? xlEPO ??????UT-7/EPO??hEPO ? xlEPO ?????? 
A: FDCP-2?? ?B: xlEPOR-FDCP-2??? C: muEPOR-FDCP-2?? 




Nogawa-Kosaka et al., 2010 ???? 
???  
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??????? ??? xlEPO??? muEPOR-FDCP-2??????
? ? ????????? EPO ????????????????????rhEPO ?
muEPOR-FDCP-2 ???????????? 4-2C????????????
EPO-EPOR ???????xlEPOR ? muEPOR-FDCP-2 ????????????
4-2C??????xlEPO ???? EPOR ?????????????????????
????? 
 
??????? ??? xlEPO??? UT-7/EPO??????
? ? UT-7/EPO????? EPOR?????hEPO????????????????
hTPO? hGM-CSF??????????????xlEPO ???????????















? ? ??????????????xlEPO ??? EPOR ???? EPOR ???????
???????????????????????????????????? EPO ?
xlEPOR ???????????????????20U/mL ??? EPO ??????
xlEPOR-FDCP-2 ??????????????????????????? EPO-??





? ? ??????????????????????????????? EPO??
???? rhEPO ???????EPO ????????????????
?Sytkowski et al., 1987; Fibi et al.,1991 Fibi et al.,1993 Wen et al.,1994 Elliott et 
al.,1997???? EPO ???????????????????Cheetham et al.,1998; 
Syed et al., 1998??EPOR????????????????EPO? EPOR???
??????????? EPOR?????EPOR binding site?????EPOR binding 
site 1 ? site 2?????????????????Cheetham et al.,1998; Syed et al., 
1998??????????????????????????????site1?KD 1nM??
EPOR??????????????? site2?KD ~1µM?????????EPO? site 
1? site 2?????????????????????? xlEPO???????????














? 4-3? EPO???? EPOR????  
EPOR?????site 1, site 2??????????????????????????????






????????????????????????????? EPO ??? EPOR
?????????????????EPO ????? EPOR ?????????
???????????????? EPO??????????? EPO???????







? ? ?? xlEPO??????
 
????? ???








???EPO ????????? EGFP ????????????????????
??????????? EPO ??????????????????Obara et al., 
2008?? 
? ? ???EPO ???????????????????????????????
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